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Introduction  
Oxidative stress, as a result of the imbalance between the reactive oxygen species (ROS) and the sperm 
antioxidant system, promotes sperm morphological and physiological damage, since all cellular components 
(lipids, proteins and nucleic acids) are potential targets for ROS. Although antioxidant defense system is 
active in semen, its activity is limited as the amount of spermatozoa cytoplasm is low (Shiva et al. 2011). 
Moreover, dilution in the extender media for cryopreservation reduces the seminal plasma constituents 
being sperm more vulnerable to oxidative stress. Oxidative damage can be reduced by sperm modulation 
through breeders’ diet (Cerolini et al. 2006) or by antioxidant addition in the freezing media (Cabrita et al. 
2011). Thus, in the present work, these two ways of modulation were tested to improve the antioxidant 
system of seabass sperm by enrichment of HUFAs, vitamin E and Selenium (Se), with the aim to reduce 
cryodamage.  
Materials and methods  
Two European seabass (Dicentrarchus labrax) broodstocks, maintained at ICMAN.CSIC (Cádiz, Spain) 
facilities, were feed with two different diets (SPAROS, SA). Fish were feed with a control diet or with an 
experimental diet supplemented with vitamin E (700% over control diet), Se (150% over control diet) and 
unsaturated fatty acids: oleic acid, arachidonic acid (ARA), eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA) (19%, 15%, 38% and 151% respectively, over the control diet).  
Sperm and blood collection  
Males from both tanks were anesthetized to obtain sperm and blood samples (N=15). Blood was collected 
from the caudal vein and centrifuged (3,000xg, 5min, 4ºC) to obtain plasma. Sperm samples were divided in 
two aliquots. One was diluted (1:3, v/v) in non-activating medium (NAM) (Fauvel et al. 1998) and the other 
one was centrifuged (10,000xg, 10min, 4ºC) to obtain seminal plasma.  
Sperm cryopreservation and thawing  
Two extenders were used for sperm cryopreservation: NAM 10% DMSO and NAM 10% DMSO 
containing 0.25mM vitamin E, 5mM vitamin C, 0.25mM DHA and 12mM Se (final concentration). For 
cryopreservation, diluted sperm was diluted again (1:3, v/v) in each extender, loaded into 0.5mL straws and 
placed at 6.5cm over the liquid nitrogen surface for 15min. Straws were plugged in the nitrogen and stored 
until used. For thawing, straws were immersed in a water bath at 35ºC for 15s.  
Evaluation of sperm quality and antioxidant status  
Motility (CASA) and lipid peroxidation (Bioxitech MDA-586 kit, Oxis, USA) were determined in sperm, 
before and after cryopreservation.  
Total antioxidant status (TAS; RANDOX, UK) was determined in seminal and blood plasma.  
Glutathione peroxidase (GPX), glutathione reductase (GSR) and superoxide dismutase (SOD) activity were 
determined in spermatozoa extracts, before and after cryopreservation (RANDOX, UK).  
Results  
Fish feed with the experimental diet had higher level of antioxidants in blood plasma that the control group. 
However, this increase was not significantly different in seminal plasma. Motility of fresh sperm was similar 
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in both groups, but, despite of the significant decrease after cryopreservation, the supplemented extender 
increased the percentage of progressive spermatozoa respect to the extender control. Experimental diet 
produced a slightly increase in lipid peroxidation in fresh sperm. After cryopreservation, lipid peroxidation 
significantly increased in all treatments. Regarding enzymatic analysis, the supplemented extender increased 
GPX activity, whereas GRS and SOD activities were similar in both extenders.  
Discussion and conclusions  
In the present work, two different ways to modulate sperm were tested.  
Experimental diet increased blood antioxidant status, whereas this improvement was not reflected in 
seminal plasma, maybe because longer periods of treatment were needed. Sperm from males feed with the 
experimental diet showed slightly higher level of lipid peroxidation, due to the incorporation of HUFAs into 
plasma membrane phospholipids, increasing the targets for ROS (Cerolini et al. 2006).  
Cryopreservation with the supplemented extender increased the percentage of progressive spermatozoa and 
the GPX activity due to the presence of the cofactor Se in the freezing media (Castellini et al. 2002). 
However, despite this increase, lipid peroxidation remained very high after cryopreservation, as was 
observed in carp sperm (Li et al. 2010). This fact could be due to an imbalance with others enzymatic 
antioxidant systems (GSR and SOD), which activity did not increase with the extender supplements. SOD 
scavengers the superoxide radical to prevent lipid peroxidation (Shiva et al. 2011), thus its activity is 
important to neutralize ROS generation during the freezing/thawing process. In conclusion, higher 
percentage of progressive spermatozoa demonstrated that it is possible to reduce cryodamage through the 
extender, although sperm modulation through the diet is not enough to improve sperm antioxidant system.  
Longer periods of feeding with the experimental diet, could improve these results.  
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